The concentrations and distribution of 6 PCB indicator congeners (IUPAC nos. 28, 52, 101, 138, 153, and 180) were measured in 236 organ samples of fish (Cyprinus carpio and Oreochromis mossambicus) from the North End Lake in Port Elizabeth, South Africa. Polychlorinated biphenyls (PCBs) were extracted from the fish muscles, gills, gonads and livers using USEPA method 8082, followed by a clean-up using concentrated sulphuric acid and florisil column chromatography. Analysis was achieved by gas chromatography-mass spectrometry (GC/MS) using the internal standard method. . These values were relatively low compared to those reported in the literature. PCB levels were predictably highest in the lipid-rich livers. Individual congeners were not distributed homogeneously within the investigated organs. PCBs 153 and 138 were present at higher concentrations than other PCB congeners for both species. PCB contaminants in fish act as indicators of pollution in aquatic ecosystems and are a potential threat to human health when consumed.
INTRODUCTION
Polychlorinated biphenyls (PCBs) are synthetic chemicals made up of 209 isomers classified as persistent organic pollutants (POPs). They are bioaccumulative substances, causing serious damage to the environment, and have been identified worldwide (Ahmed, 2003; Hu et al., 2010; Cimenci et al., 2013; Gdaniec-Pietryka et al., 2013) .
PCBs were introduced into the environment primarily as a result of anthropogenic activities (Iwata et al., 1993) . Due to their resistance to electrical, thermal, and chemical processes, PCBs have been used in a wide variety of applications since their commercial production in 1929 (Anyasi and Atagana, 2011) .
Exposure to PCBs has been reported to cause adverse effects, including reproductive, immunological and neurological problems, while long-time exposure to some congeners affects liver functioning and may lead to developmental effects resulting in cancer (ATSDR, 2000) . One of the main sources of these compounds to humans is dietary fish, which accumulate pollutants by direct absorption through the gills, exposure to contaminated sediments, and consumption of insects and smaller fish (Bush and Kadlec, 1995) . In consequence, fish can accumulate hydrophobic compounds (e.g. PCBs) to concentrations considerably higher than those of the surrounding environment (OSPAR, 2004) . The highest PCB concentrations are detected in lipid-rich tissues such as the liver and the muscle of fatty fish. Because of the persistence of these contaminants and the resulting harmful effects to organisms and human health, it is necessary to continue to monitor their distribution in the environment (Toaspern, 2003) .
Fish consumption is an important constituent of human diets in that it increases the intake of omega-3 fatty acids which in turn lowers cholesterol, cancer risks, and blood pressure levels. However, despite the beneficial aspects of consumption, fish may also contain contaminants such as trace elements, PCBs or other pollutants.
Currently, very high resolution capillary columns are able to separate the 209 PCB congeners. However, the analysis of extracts of a biological matrix is still difficult because of co-elution. The six non-dioxin-like (NDL) PCBs (PCB nos. 28, 52, 101, 138, 153, 180) used as indicators are representative of the congeners used in the PCB mixtures in the past and of the PCBs found in the environment at the present time (Aune et al., 1999) . The sum of these congeners represents about 50% of the total non-dioxin-like PCBs in food (EFSA, 2005) , and is recommended for regular monitoring (UNEP, 2003) .
In aquatic organisms, most studies have reported on PCBs in the muscles of fish (Baeyens et al., 2007 , Kočan et al., 2001 . While industries are a key component of the country's economy, little research has been conducted on PCB contamination and no literature is available for PCB analysis in different organs of fish from the North End Lake. The purpose of the study was: to evaluate the levels of 6 indicator congeners of PCBs in organs of 2 fish species collected from the North End Lake, provide background information on the status of PCB contamination in the studied area, and evaluate the human health risks from consumption of fish muscle. There is increased environmental concern due to South Africa's growing chemical industry that has in turn led to increased industrial waste. The North End Lake is targeted for future recreational use; however, no literature is available regarding the current water quality status, particularly concerning persistent organic pollutants. In addition, the system is popular amongst local fishermen that catch, sell and consume the fish, even though it is potentially contaminated lake.
MATERIALS AND METHODS

Study area
The North End Lake (Fig. 1) is an urban water body (33°56' S, 25°36' E) in the middle of a residential and industrial suburb, that of North End, Port Elizabeth, South Africa. The lake is situated adjacent to the new soccer stadium, which was built for the 2010 FIFA World Cup. The stadium was specially designed to have views of the lake on one side and the ocean on the other side. Water from the North End Lake is treated and utilized for irrigating green areas in the stadium. Repeated watering of the grass with PCB-contaminated water could result in PCB accumulation on the sports field inside the enclosed stadium. The maximum depth of the lake is about 4 m (on average 3 m). The water level of the lake is controlled at a maximum height of 16.3 m amsl by means of an overflow leading to an underground concrete culvert, which flows into the sea. For several decades the lake was one of the main recreational areas of the city. As the city expanded, the lake was increasingly subjected to human impacts (Weichers et al., 1996) , with an increased inflow from residential and industrial stormwater runoff drains (Fig. 1) .
Fish collection
During February, August and November of 2013, 60 fish from 2 species (C. carpio and O. mossambicus) were bought from the same fisherman at the lake. C. carpio was found to be the most abundant species caught in the lake (n = 51), while O. mossambicus (n = 9) originated from a single catch (23 February 2013) . These two species may accumulate high levels of contaminants as they are omnivorous (O. mossambicus) and bottom-feeders (C. carpio). After sampling, fish were transported to the laboratory on ice, weighed, measured and wrapped in aluminium foil. All fish were assigned an identification number and letter code. Fish were stored in a deep freezer at −20°C until further analysis. After dissection, samples of different organs (liver, gills, muscle and gonads) were taken from each fish and analysed individually. In total, 236 samples from fish organs were processed and analysed. The length (cm), weight (g) and the condition factor of the two fish species investigated are shown in Table 1 .
Chemicals and reagents
All the chemicals used were of analytical grade. Standards of individual PCB congeners, together with the mixture of the six indicator PCBs in isooctane (10 ng•µℓ -1 of each congener), PCB 209 and a solution of 2,4,5,6-tetrachloro-m-xylene used as internal/surrogate standard were obtained from Sigma Aldrich (South Africa).
The analysis and quantification method was performed using congener-specific methods (SW-846 Method 8082). Therefore, decachlorobiphenyl (PCB 209) is recommended for use as an internal standard with tetrachloro-m-xylene used as a The purity of the standards was greater than 99%. A stock standard solution containing all six PCB congeners was prepared at a concentration of 1 ng•µℓ -1
. Suitable working PCB solutions were prepared daily by dilution in isooctane. All stock solutions were stored between 2 and 6°C, protected from light. The solvents and reagents used (n-hexane, acetone, isooctane, anhydrous sodium sulphate, sulphuric acid (98%) and silanetreated glass wool) were all supplied by Merck (South Africa). Florisil (60-100 mesh) was obtained from Sigma Aldrich.
Analytical procedures
Determination of PCBs in environmental samples consisted of 3 main steps: (i) extraction, (ii) purification/fractionation of the extract and (iii) chromatographic separation, identification/ quantification.
Sample preparation
The preparation of fish samples followed USEPA (2000a) guidance. Before dissection, fish were thawed to remove the aluminium foil, and then rinsed with tap water followed by deionized water. The fillet was taken from the left side of the fish above the lateral line and below the dorsal area. Other organs to be analysed were removed and kept separately. Gonad, liver and gill samples were ground in a mortar with 4 times more anhydrous sodium sulphate than the sample mass until homogenous form appeared. Muscle samples were blended and the result was mixed with anhydrous sodium sulphate in a mortar for dehydration and homogenization of the samples. Briefly, muscle (10 g), gonad/liver (1 g), and gill (3 g) were dried before the extraction with sodium sulphate; (1:3 muscle tissue: sodium sulphate; 1:4 gonad, liver or gill organ: sodium sulphate).
Extraction of fish samples
The extraction of the PCB in fish tissues was performed according to standard procedures (USEPA, 1996) with slight modifications (extracts were concentrated to 2 mℓ rather than 10 mℓ). Surrogate standard (tetrachloro-m-xylene) was added to each sample prior to the extraction. The sample was then extracted using a mixture of hexane and acetone (1:1) for 20-22 h in a Soxhlet apparatus cycling 5-6 times•h −1 . The extract was concentrated to 2 mℓ with a rotary evaporator at 40°C. The concentrated extract was divided into 2 subsamples (1 mℓ was used for clean-up and the remaining extract was used for gravimetric lipid determination). However, not all the lipids are extracted by this procedure, only the lipids extracted by the solvent mixture.
Clean-up of the extracts
The clean-up procedure was accomplished by strong acid treatment followed by partitioning with florisil. Briefly, concentrated sulphuric acid (2 mℓ) was added to the extract (1 mℓ) and shaken vigorously to eliminate interfering co-extracts. The procedure was repeated several times until the acid phase remained colourless. The extract was dried with anhydrous sodium sulphate and subjected to fractionation using florisil. A glass column was packed with 10 g of florisil (60-100 mesh) and 2 g of Na 2 SO 4 anhydrous was added on the top for removal of any trace of water. The extract (1 mℓ) was loaded onto the column and PCBs were eluted with 80 mℓ of hexane. The eluates were concentrated by rotary evaporator and a gentle nitrogen stream. PCB fraction was dissolved in 1 mℓ of hexane and transferred in gas chromatograph vials prior to the gas chromatography analysis. A known quantity of internal standard (IUPAC no. 209) was added to the cleaned extract and was analysed by GC-MS in single ion monitoring (SIM) mode for the determination and quantification of PCB congeners.
Determination of PCB congeners
The determination of PCBs in fish samples was carried out using a Hewlett-Packard 7890 gas chromatograph coupled with a Hewlett Packard Model 5975 mass selective detector (mass analyzer: quadrupole) and an automatic sampler. The fused silica capillary column was a 30 m DB-1ms (100% dimethylsiloxane) (CJ &W Scientific, CA, USA) (0.25 mm i.d. x 0.25 μm film thickness). The oven temperature was programmed from an initial temperature of 100°C (holding for 1 min) to 325°C at a rate of 15°C/min and held for 5 min. The injector and transfer line temperatures were 250 and 280°C, respectively. The carrier gas was helium at a constant flow rate of 1.2 mℓ•min 
PCB identification and quantification
The identification of target compounds was based on the retention times and spectra, as well as the ion ratio. PCBs were quantified by internal standard method using peak areas. SIM mode was used in MS analysis and 2 masses were monitored for each analyte (2 most intense peaks within the mass spectrum). Retention time shifts in the chromatogram were corrected using the internal standard retention time and positive confirmation of the analyte was based on an agreement within ± 0.1 min of . For all compounds, the linear regression was accepted if the correlation coefficient (r 2 ) was greater than 0.99. The precision was determined by calculating the relative standard deviation (RSD) of the replicate samples which was ≤ 20%.
Quality assurance and data analysis
All of the procedures were controlled strictly by the analysis of procedural blank samples as well as the recoveries of surrogate standard in each sample. Procedural blanks were run with each batch of samples (8 samples per batch) and were taken through all the phases of the analytical procedure. To determine the extent of recovery, muscles of C. carpio with an initial PCB content below the detection limit were spiked with PCB standards at 3 levels (5, 10 and 20 ppb). The mean recovery of PCBs from 6 replicate samples were 91.4 ± 3.84; 97.6 ± 2.08; 107 ± 4.83; 92.15 ± 5.65; 95.48 ± 2.65 and 98.25 ± 3.25 for PCBs 28, 52, 101, 138, 153 and 180, respectively. C. carpio was chosen because it was the most abundant species in the study area and was expected to be the most frequently analysed fish in the future. The detection limit (LOD) and limit of quantification (LOQ) were defined, respectively, as 3 and 10 times the standard deviation of all analysed blanks. The LOD varied with analytes: 0.48, 0.16, 0.02, 0.09, 0.07 and 0.12 ng•g , respectively, for PCBs 28, 52, 101, 138, 153 and 180. For the extraction purpose, 10 g of muscle tissue, 1 g of liver/gonad and 3 g of gills were used to extract PCBs.
The data were analysed with Statistica 11.0 software. Statistical significant differences were determined using oneway analysis of variance (ANOVA) and Pearson test was used to assess correlations between contaminant concentrations and lipid content/size of fish. During statistical analysis, nondetectable (nd) data were assigned a half-value of the limit of quantification. All tests were considered statistically significant when the p-value < 0.05.
RESULTS
Levels and distribution of PCBs in fish tissues
The mean concentrations of individual congeners and total PCBs for both species are summarized in Tables 2 and 3 -1 lw, respectively, in O. mossambicus and C. carpio). Significant differences were observed between PCB levels of liver and other organs in each species (ANOVA p < 0.05). However, no significant differences were observed between the mean PCB concentrations in gills, muscles, livers and gonads of both fish species (p > 0.05).
PCB congener's profiles
The percentage contributions of the six indicators to the total PCBs in organs of both species are shown in Figs 2a and b. In general, congeners with 5, 6 and 7 chlorine atoms were quantitatively more important in all organs, with predominance of hexachlorobiphenyls (138 and 153), which contributed to 35% and 45%, on average, of the total PCBs in both species. PCB 28 was dominant in muscle of O. mossambicus (mean of 6.47 ± 6.94 ng•g -1 lw) and contributed to the total PCBs equally as PCB 153 (19%). Similarly, PCBs 101 and 180 contributed 18% each to the total PCBs in muscle. PCB 153 contributed to the total PCBs in gills and gonads with the same amount (22%). With respect to bioamagnification, a higher occurrence of PCBs in O. mossambicus (100%) relative to C. carpio is expected due to its diet including algae, plant matter, sediment organic particles, small insects, invertebrates and other fish which would already have biomagnified the PCBs.
In C. carpio, the lower congeners (PCBs 28 and 52) as well as PCBs 101 and 180 contributed, on average, < 20% each to the total PCBs. Both hexachlorobiphenyls (PCBs 138 and 153) contributed, on average, > 20% to the total PCBs in liver, muscle and gonads. Statistically significant differences were observed between individual congeners in tissues (p < 0.05). PCB 153 was significantly higher than PCBs 28, 52, 101 and 180 (ANOVA p < 0.05) in all the tissues. Similarly, PCB 138 was significantly higher than PCBs 28, 52, and 101 in liver. Furthermore, no significant difference was observed between congeners in gills and gonads (ANOVA p > 0.05).
Biological and biochemical parameters
The size of an organism is dependent on the availability of food providing the energy needed for the organism to form body tissues and to tolerate adverse environmental conditions. The size of fish is used as an indicator of PCB contamination levels. The contaminant/length relationship occurs due to the older age of larger fish, which have a longer exposure period to contaminants. The mean size and weight for the 51 C. carpio analysed was 32 ± 7 cm and 841 ± 332 g, respectively. For O. mossambicus, the mean size and weight of the 9 fish analysed was 32 ± 2 cm and 800 ± 147 g, respectively. The condition factor (CF) was calculated from the weight of the fish in relation to its size [CF = (body weight/ (size) Since PCB compounds are hydrophobic (high Kow), their concentrations based on amounts of lipids are considered to be an important variable in their distribution in fish. The liver had the highest levels of lipid content in both species in comparison to the other tissues, followed by gonads, gills and muscle. Figures 4a and 4b showed the relationship between lipid content and PCB concentrations in O. mossambicus and C. carpio, respectively. A positive correlation between lipid content and contaminant levels was observed in tissues of both species, except in liver of O. mossambicus and in gills of C. carpio (p > 0.05). These results highlight the effect of size and lipid content on PCB levels and differences between organs.
DISCUSSION
Fish act as indicators of PCB pollution in the aquatic ecosystems where they store chemical substances either directly from the surrounding environment or from their diet (Lavandier et al., 2013) . These contaminants in fish are a threat to predators and humans when consumed due to the fact that PCBs are soluble in the lipids fraction, especially the higher chlorobiphenyls, thereby increasing their bioaccumulation and biomagnification (Urbaniak, 2007; Beyer and Biziuk, 2009). Geyer et al. (1994) mentioned that fish lipid content varies according to species, age, sex, season and location. Mainly, PCBs enter into aquatic organisms via lipids of the ingested food (Hites et al., 2004) , while their distribution in tissues is strongly influenced by their lipid content (Henshel and Sparks, 2006) . The lipid plays a role in physiological processes of fish such as reproduction. The accumulation of organochlorine compounds shows that the reproductive cycle is associated with a large variation in lipid content (Antunes et al., 2007) . Lipid content decreases during the spawning period by the elimination of lipid-bound hydrophobic compounds, such as POPs (Ondarza et al., 2014) . Lipid content is among the most important factors that determine species body burden. A positive correlation was found between lipid content and PCB concentrations, which is in accordance with other studies. Previous investigations carried out on aquatic organisms showed that there is a correlation between the accumulation of PCB and the lipid content of tissues (Hebert and Keenleyside, 1995; Kočan et al., 2001) .
These findings confirm that lipid content is one of the main factors involved in PCB accumulation in fish. However, a study by Nie et al. (2005) indicated that several factors such as physico-chemical properties of individual congeners and biological characteristics, such as sex, maturation state and, feeding habits, are all contributing factors to the accumulation of PCBs in fish. A correlation between lipid content and levels of PCB contaminants in liver and muscle of fish species, including eel (Anguilla anguilla), crucian carp (Carassius carassius) and catfish (Ictalurus nebulosus), was found by Roche et al. (2000) . Even though it was infrequent, a negative correlation was observed in the fatty fish, eel, and a positive correlation in the non-fatty catfish. The negative correlation suggests that the youngest fish were the most contaminated. The positive relationship between lipid levels and organochlorine concentrations also tends to occur between species at the same trophic level, individuals of the same species, and within tissues in a single individual (Miller and Amrhein 1995) . PCB contaminant levels have also been shown to be linked to the size of the fish samples (Boscher et al., 2010; Gewurtz et al., 2011) . The condition factor (CF) values higher than 1 indicate healthy fishes. Compared to smaller fish of the same species, larger fish tend to consume larger, more contaminated prey and to eat at higher trophic levels. Thus, the foods of large fish tend to be more contaminated than the foods of small fish (Amrhein et al., 1999) .
PCB levels detected in tissues of fish in this study showed a positive correlation between size of fish and body burdens of contaminants. The exception was found in liver and gonads of O. mossambicus. The size of fish can be reduced due to infections which can affect tissues. Fernandes et al. (2008) found that infected gonads showed a great reduction in size compared with non-infected ones. Mackay and Fraser (2000) proposed that the increase in concentration with size is due to the bioaccumulation properties of PCBs, their resistance to biotransformation and their slow depuration rates by organisms. Higher levels were expected in O. mossambicus in this study because of its predatory feeding habits compared to that of C. carpio (aquatic plants, benthic organisms, debris and detritus). However, no significant differences were observed between mean PCB concentrations of the same tissues of both fish species. In other studies on the tissues of fish, liver was found to be highly contaminated by the higher chlorinated congeners (i.e. PCBs 153 and 138) (Dabrowska et al., 2009; Wang et al., 2010; Brázová et al., 2012) . With a high lipid content, the liver appears to be the main organ for metabolism and storage of PCBs (Fernandes et al., 2008; Bodiguel et al., 2009) .
In general, PCB 153 is one of the main contributors to the total PCB content in freshwater fish species worldwide due to its long half-life (Nicola et al., 2014) . PCBs 153 and 138, detected at high levels in this study, have been shown to initiate histological and neurological damage in the liver (Duffy and Zelikoff, 2006) . Vezina et al. (2004) showed that after exposure to PCB 153, rats, mice and monkeys exhibited liver damage. The estimation of hepatic sequestration showed that liver/muscle ratios for the sum of the six congeners were higher in O. mossambicus (4.92) compared to C. carpio (3.04). The bioaccumulation of PCBs in tissues is related to their logarithm octanol-water partition coefficient (log Kow). The lipophilicity and log Kow increase as the chlorine content increases thereby decreasing the biodegradability of PCB compounds (Semple et al., 2003; Zhou et al., 2005) . The higher chlorinated congeners are less soluble in water and are therefore detected at higher levels in aquatic organisms. The bioaccumulation of PCBs in aquatic organisms is directly linked to their degree of chlorination and lipophilicity (Karjalainen et al., 2006) .
Tissue-specific and congener distribution patterns are considered when evaluating the fate and effects of PCBs in the environment. However, no studies have been done on organs of fish in the region (South Africa) for comparison. Recent studies have been conducted, in other countries on tissue-specific PCB distribution in fish (Monosson et al., 2003; Bodiguel et al., 2009; Ondarza et al., 2010; Wang et al., 2010; Brázová et al., 2012; Lavandier et al., 2013) . The levels of PCBs detected in organs of fish in the present study were compared with these studies (Table 4) . Wang et al. (2010) measured total PCBs in muscle, gonads and liver of C. ursinus and found higher levels than that detected in the present study. Ondarza et al. (2010) reported PCB levels (for the same species, C. carpio) but results were expressed on wet weight. Brázová et al. (2012) conducted a study on predatory and non-predatory fish and reported PCB concentrations 3 orders of magnitude greater than the present study. Other researchers (Monosson et al., 2003 , Bodiguel et al., 2009 , Mierzykowski, 2010 have reported higher concentrations for some organs. The studies of Mierzykowski (2010) and Bodiguel et al. (2009) on sea fishes revealed higher ratios of liver/muscle (7.23 and 15.2) than those found in this study (4.92 and 3.04) . Lavandier et al. (2013) analysed PCBs in 3 fish species from Sepetiba Bay in Brazil and the mean levels detected in scabbard fish muscle were similar to the levels detected in muscle of C. carpio in this study. All these studies showed that the values reported for the fish in the North End Lake were relatively low. In natural environments, fishes are exposed to a wide range of organic contaminants which behave differently in response to physico-chemical properties.
Major human exposure to PCBs occurs through food intake (WHO, 2000) , and fish consumption is considered a significant potential route for this (Binelli and Provini, 2004; Ribeiro et al., 2008) . Biomagnification of persistent contaminants is often observed as their elimination from tissues is slower than their uptake from food. Therefore, fish and animals at the top of the food chain are more contaminated than those feeding at lower trophic levels. Trimming the fat and skinning the fish prior to cooking may reduce the risk of exposure (USEPA, 1999a). Table 5 indicates maximum residue limits recommended by key international agencies.
Human consumption rates are based on the edible part of fish (muscle), but some ethnic groups may also eat various organs of fish. For example, Office of Environmental Health Hazard Assessment (OEHHA)'s California fish advisories has recommended that consumers not eat the liver and other organs of fish as they accumulate higher levels of organic contaminants relative to the muscle tissue (OEHHA, 2003) . The USEPA has set a reference dose (RfD), which is defined as the daily exposure likely to be without significant risk of adverse effects during a lifetime. For total PCBs, the RfD is 2x10 Sources: (ATSDR, 1990) Based on the methodology developed by the USEPA (2000), the assessment of adult human health risks was evaluated by the determination of fish consumption limits expressed as number of meals per month of edible parts in both species (C. Carpio and O. mossambicus). For both species, based on the non-cancer health endpoint, four 8-oz (0.227 kg) meals per month are recommended and, based on the cancer health endpoint, one 8-oz meal/month is recommended. Fish are nutritious, providing a good source of protein and other nutrients, and are recommended as part of a healthy balanced diet. However, considering contamination by PCBs and other lipophilic substances, it is advisable to consume fish in moderation and to make informed choices about which fish are safe to eat. For example, The American Heart Association recommends that healthy adults eat at least 2 servings of fish per week (Schwarzenegger et al., 2004) .
This study showed that individual congeners were not distributed homogeneously within the investigated organs. Liver presented higher PCB concentrations than other tissues because liver is the main organ for PCB storage and has higher lipid content, therefore PCBs are more likely to accumulate in liver. The contamination levels of PCBs are the result of multiple factors affecting the fate of PCB congeners entering the aquatic environment. These factors include: the different degree of persistence for each congener, depending on the number of chlorine substitutions on the biphenyl rings, the physico-chemical properties of the PCB congeners (Kow, vapour pressure), and the prevailing percentage composition of the PCB commercial mixtures employed. The congeners detected in this study are dominant PCBs in technical PCB mixtures (Schulz-Bull et al., 1998) .
CONCLUSION
This study is the first to report PCB contamination in the fishes of this lake, which receives stormwater inflow from industries and residential areas. The lipid contents of fish were found to be one of the main factors determining PCB levels in fish. Fish size, which is a proxy for fish age, is another important factor influencing the PCB levels in tissues. Based on the total PCB concentrations, O. mossambicus was more contaminated as it is a semi-predator while C. carpio is a bottom-feeder. C. carpio are omnivorous fish and they eat any food which can be digested. They dig and burrow into the soil in search of organic matter, such as larvae of insects, worms, molluscs and decayed matter containing bottom-dwelling organisms, pieces of plants and the young shoots of aquatic weeds.
Measurement of 6 indicator PCBs in tissues of Cyprinus carpio and Oreochromis mossambicus from the North End Lake have shown total PCB levels to decrease in the order: liver >gonads >gills >muscles, in both species. The concentrations of total PCBs in the liver, gonads, gills and muscle were 95.69, 57.49, 44.63, 34.14 The presence of PCBs in fish of the North End Lake could be harmful since they may be biomagnified through the food chain, i.e., with humans being the end consumer.
Fatty foods of animal origin constitute a potential source of PCB exposure. Based on the non-cancer and on the cancer health endpoint, four 8-oz (227 g) meals/month and one 8-oz meal/month were recommended for both species, respectively. Therefore, regulatory implementations for monitoring of wastewater emissions into this lake need to be implemented, as this is suspected to be the primary source of PCBs in the North End Lake.
